In the last two decades world-wide epidemiological research has shown a large geographical variation in the incidence of Type I diabetes mellitus in childhood. The widest range of intracontinental variation has been observed in Europe [1, 2] . Further, numerous studies reported a secular increase of the incidence [1, 3] .
Democratic Republic (GDR) [4] . In western Germany the incidence of Type I diabetes has recently been investigated in two regional studies [5, 6] , which both found substantially higher incidence rates in the age-group 0±15 years than reported previously from the GDR.
This nation-wide survey during 1993 to 1995 aimed at estimating the actual national incidence of Type I diabetes in children under 5 years of age in Germany and at analysing temporal, seasonal, and geographical patterns of the diabetes incidence.
Subjects and methods
Population at risk. The number of children under 5 years of age in 1993, 1994, and 1995 was 4 328 150, 4 190 591, and 4 038 175, respectively (data from national bureau of statistics).
Definition of study subjects. New subjects with diabetes were included in the study if they had been diagnosed as Type I diabetic during 1993 to 1995, had received their first insulin injection before the age of 5 years, and were permanent residents in Germany at the time of diagnosis.
Data collection. During 1993 to 1995 children with newly diagnosed Type I diabetes were registered by the`German Surveillance Unit for rare paediatric diseases' (ESPED) [7] . ESPED is a nation-wide hospital-based active surveillance system requesting all paediatric departments in Germany to report cases of childhood diseases under study ± including Type I diabetes in children under 5 years of age ± on monthly report cards. During the study period the mean return rate of report cards to ESPED was about 90 % [7] .
For all registered subjects information on sex, date of birth and diagnosis, and place of residence was recorded by the reporting paediatrician in a mailed standardized questionnaire. If necessary, information was completed through a telephone interview.
Validation of ascertainment. Completeness of ascertainment was assessed by capture-recapture analysis using data of two independent regional surveys in the western German federal states of Baden-Wuerttemberg (1993) [5] and North-RhineWestfalia (well defined sub-region only, 1993 to 1995) [6] comprising 14.2 % and 3.4 % of the population at risk, respectively.
Statistical analysis. Crude point and interval estimates of incidence rates were calculated assuming Poisson distributions for the observed cases. Age-and sex-standardized rates were estimated by the direct method using the national population as reference. Point and interval estimates of rate ratios associated with potential risk factors were based on univariate Poisson regression analyses. To adjust for confounding and effect modification multivariate Poisson regression models were fitted to the data by a stepwise forward procedure (p-value to enter < 0.05). Adequacy of the final Poisson model was assessed by a deviance-based goodness-of-fit c 2 -test and a likelihoodbased generalized coefficient of determination (R 2 ) [8] . The incidence rate varied significantly by`age at onset' among boys and girls. The pattern of age-specific incidences, however, differed between boys and girls ( Table 1) .
There was a significant seasonal variation of the diabetes incidence with highest rates during summer (June to August) and fall (September to November) and the lowest rate in spring (March to May) ( Table 1) .
The incidence rate decreased significantly from northern to southern Germany (Table 1 ). In eastern Germany the incidence appeared to be higher than in western Germany. The difference, however, did not remain significant after multivariate adjustment (p L = 0.228).
The incidence per 100 000 person-years increased from 6.86 (95 %-CI: 6.10, 7.69) in 1993, to 7.85 (95 %-CI: 7.03, 8.75) in 1994, and to 9.68 (95 %-CI: 8.75, 10.69) in 1995 (test for trend: p L < 0.001). This significant trend, however, was confined to children above the age of 3 years (Table 2) .
Incidences standardized by age or sex or both and corresponding rate ratios (not shown) were almost identical with the crude rates in Tables 1 to 2. In Baden-Wuerttemberg, the only federal state in western Germany with previous incidence data [5] the incidence was 8.5 (95 %-CI: 7.2, 9.9) during the study period.
Multivariate regression analysis.`Season',`geographical region' (northern, central, and southern Germany), and interactions of`age at onset' with`sex' and calendar year' were shown to be independent significant predictors of the diabetes incidence (p L < 0.05). The final Poisson model including these significant terms fitted the incidence data very well (Goodnessof-fit test: p D = 0.384, R 2 = 38 %). The age related incidence variation was proven to be significantly different between boys and girls. The incidence increase during the study period was shown to vary significantly between age-groups. Multivariate adjusted estimates and tests (not shown) confirmed the results in Tables 1 and 2 .
Discussion
This prospective survey provides first national incidence data of Type I diabetes in children under 5 years of age in Germany, the ascertainment level was 83±85 %. The incidence adjusted for the ascertainment level (9.53, 95 %-CI: 8.95, 10.13 per 100 000 person-years) ranges in-between lower rates in west European countries and higher rates in northern Europe [1, 2] . The finding of a slightly higher incidence among boys is consistent with previous European studies [1, 2, 4, 5] .
This survey found a significant 3.5-and 1.3-fold incidence increase in eastern Germany and the southwest German federal state of Baden-Wuerttemberg, respectively, compared with results of previous regional studies [4, 5] [9.4 vs 2.7 (1988) and 8.5 vs 6.4 (1987±1993) per 100 000 person-years, respectively, p L < 0.001]. Since the degree of ascertainment in both previous studies (eastern Germany: 98 %, Baden-Württemberg: 96,2 %) was higher than in this survey, the observed incidence increase may not be attributed to different methods of data collection. Therefore, the findings are likely to reflect a real time trend in accordance with previous observations in other European countries [1, 3] . This time trend has been reported to be most distinctive in children under 5 years of age [3] .
The observed coincidence of changes in the living conditions in eastern Germany during the reunification process since 1989 and a threefold incidence increase within a 7-year-period could particularly be regarded as another piece of ecological evidence for the substantial influence of environmental factors in the development of Type I diabetes [1] .
From 1993 to 1995 the incidence among children 3 or 4 years of age increased significantly. The absence of a time trend among younger children is possibly due to their more limited exposure to peer-contact and infectious diseases [1] . Further studies are needed to validate these findings and to identify potential causal factors for interactions between age at onset and time trends.
In Germany a significant geographical variation statistically in the incidence of diabetes was found, which is in accordance with observations in other [1, 2] . These regional differences in Germany are not likely due to genetic factors and therefore possibly corroborate the importance of environmental exposures in the aetiology of Type I diabetes.
This survey found the age-specific incidence pattern to be different among boys and girls. Both different age-specific incidence patterns have been reported previously [4, 5, 9] . If confirmed in other studies, the observed sex-specific incidence variation with age might help to generate new hypotheses on the aetiology of diabetes.
Seasonal variation with peaks during winter and early spring is a frequently reported incidence pattern in childhood [1, 2, 9] . In children younger than 5 years of age, however, the seasonal variation has been observed to be less clear or absent [2, 5] . The opposite seasonal pattern observed in this study with high rates in summer and fall possibly supports the hypothesis of a different pathogenesis of Type I diabetes in younger and older children. Further, the observed seasonality in Germany might be related to HLA, for a summer peak of diabetes onset was observed in HLA-DR4 positive children [10] .
There are two main shortcomings of this survey, namely the geographically limited validation procedure and the only moderately high ascertainment level, both possibly causing bias in incidence estimation. Since the ascertainment levels in the two validation regions were quite similar and there were no substantial regional variations in the response rates in the surveillance system [7] , the regionally estimated ascertainment level is assumed to be representative for the whole country. Attaining high ascertainment is a particular problem for nation-wide studies in countries with a non-centralized health care system. Higher ascertainment rates than in this study could mainly be achieved in regional European registers [2] .
Nevertheless, the incidence estimate corrected for the degree of ascertaiment in this study possibly still underestimates the true rate in Germany and the observed geographical differences in incidence have to be interpreted with care.The observed incidence increase during the study period might also be influenced by increasing response rates in the surveillance system (1993: 82 %, 1994: 93 % and 1995: 95 %) [7] . Presented rate ratios related to sex, age, and season, however, are unlikely to be biased due to the mentioned shortcomings, because registration of new subjects with diabetes can be assumed to be independent of these factors.
In conclusion, this study reports first national incidence data of Type I diabetes in children under the age of 5 years in Germany, which serve as a base for future analysis of temporal trends. The observed incidence patterns strongly support the important role of environmental factors as determinants of Type I diabetes in young children. The increasing time trend observed so far is an important public health issue. An effective and cost efficient tool to monitor the time trend of the Type I diabetes incidence in childhood is active surveillance of patients admitted to the hospital. certed Action EURODIAB ACE (Contract BMH1-CT92±0043) and EURODIAB TIGER (Contract BMH4-CT96±0577).
